The levels and health risks of mercury (Hg), lead (Pb) and cadmium (Cd) 
INTRODUCTION
Over the last few decades, the world has witnessed an increased awareness of problems concerning food contamination. Heavy metals are a major class of food contaminants which may enter aquatic ecosystem from different natural and anthropogenic sources causing metal pollution in water bodies [1] . Metals entering the aquatic ecosystem can be stored in fish and other aquatic organisms through the processes of bioaccumulation and biological magnification via the food chain and can become potentially toxic when accumulation reaches a substantially high level [2] . the main route of exposure to environmental contaminants such as heavy metals. Since diet represents the main route of exposure to heavy metals, and fish represent a part of diet, it is likely that contaminated fish could be a dangerous dietary source of certain toxic heavy metals [4] .
Metals such as mercury, cadmium and lead have no biological function in the human system and are potentially toxic even at trace concentrations. There is a growing concern that metals accumulated in fish tissues may represent a health risk, especially for high fish consuming population. In recent years, the focus of many researchers has been tailored towards assessment of health risk to human population from heavy metals through fish consumption [5] [6] [7] .
There is currently no work available on health risk assessment of heavy metal contaminants in fish consumed in Monrovia, Liberia. Therefore, in this study the levels of some toxic metals (Hg, Pb, and Cd) were determined with an aim to elucidate the weekly intake of these metals by the population through the consumption of commonly available fish species. Additionally, potential health risks in terms of hazard quotient and total hazard index for the human population were evaluated. The study provides a useful reference for future health risk assessments in fish species consumed by the population of Monrovia. were used for all the analyses, cleaning and sampling procedures. All glassware and vessels used were thoroughly washed by soaking them overnight in 10 % (v/v) HNO3 and rinsing in double distilled water. They were then rinsed once with 0.5 % (w/v) KMnO4 and three times with double distilled water and air-dried prior to use. 
MATERIALS AND METHODS

RESULTS AND DISCUSSION
A total of 60 samples comprising 29 fish species were analyzed for mercury (Hg), cadmium (Cd) and lead (Pb). To determine the degree of precision of the analytical procedure, three replicates of one sample were spiked with increasing concentrations of the metals of interest. The spiked sample was then digested and analyzed for the metals. The recovery rates were in the range 90% -105%. Five replicates of certified reference material (Fish Homogenate IAEA-407) were processed along with samples to determine the accuracy of the method. Linsinger [9] method was used to compare the measured and certified values. The expanded uncertainty (2U∆) for each of the tested metals was greater than the difference (∆m) between the certified and measured values; suggesting that there was no significant difference between the mean measured value and certified value for each metal ( Table 1) . Note: n = number of samples; 2U∆= expanded uncertainty; ∆m = difference between the certified and measured value.
Results of the tested metals levels in muscle of fish (µg g -1 on wet weight basis) from markets in Monrovia, Liberia are presented in Table 2 . As shown in the table, the mean muscle concentrations of Hg, Cd and Pb ranged from 0.014-0.727, 0.002-0.347 and 0.027-0.256 µg g -1 wet weight respectively. The maximum concentrations of the tested metals in all samples were below the permissible limit except for Hg level in Abula Vulpes which was above the guideline value [10] . The total concentration ranges of metals found in fish from Monrovia were similar to or lower than the levels reported in Literature for fish from Ghana and Nigeria [11] [12] [13] . µg/kg body wt/wk were respectively used in this study [15] . There is currently no evidence of a threshold of critical lead induced-effects. The last PTWI value of 25 µg/kg/week was withdrawn following data from several epidemiological studies on neurodevelopment in children [16] and systolic blood pressure in adults [17] [18] [19] [20] . However this withdrawn value is still being used by some authors for health risk assessments [7, 21] ; hence the value was used in the current study.
The potential hazards of metals transferred to humans are probably dependent on the amount of fish consumed by an individual. Data on the amount of fish consumed by an average Liberian adult per day or week is not available; thus data from American food consumption index were employed in the current study. According to surveys, the average American consumes about 228 grams of fish and shellfish per week and this consumption rate was used in the health-risk assessment. The estimated weekly intake was calculated using Eq. 1 [22] .
Where EWI (μg/ kg/ week) is the estimated weekly intake of the metal; Cs (µg g -1 wet weight) is the measured metal concentration in fish muscle tissues; CR is the fish consumption rate (228 g/wk), and BW is the average body weight for an adult (70 kg). These parameter values were obtained from the reference values of USEPA. The health risk of the metals could be divided into two types, i.e., carcinogenic risk and non-carcinogenic risk. Since the toxicity values of carcinogenic risk for the analyzed metals were unavailable, only non-carcinogenic risk was calculated in this study. Hazard quotient (HQ) was calculated by Eq. 2. [22] .
In this equation, EWI is the estimated weekly intake obtained from Eq. 1; PTWI is the Provisional Tolerable Weekly Intake recommended by JEFCA [15] .
Non-carcinogenic HQs for each metal were summed and expressed as hazard index (HI) by
Eq. 3 to indicate the overall non-carcinogenic risk [22] .
From the concentration of the metals in each species, the health risk was calculated using Equations 1 and 2. The HQ and HI values of the tested metals from the consumption of the fish species are presented in Table 3 . In general, when the hazard value (HQ, HI) of a contaminant is greater than 1, the contaminant might pose potential adverse health effects and needs further analysis. As shown in the table, the HQ values of Hg, Cd and Pb ranged from 0.009-0.474, 0.001-0.161 and 0.004-0.003 respectively. The HI for the tested metals in the fish was computed using Eq.3. The HI due to exposure to the tested metals from fish intakes was in the range 0.035-0.538.
With the observed range of HQ and HI being lower than the acceptable safe risk level (HQ, HI≤1), this study has shown that the tested metals pose no health risk to the population of Monrovia.
However, it is worth noting that there were some uncertainties during the risk assessment.
Firstly, all the fish samples were collected from June 1, 2013 to August 14, 2013, which is somewhat limited. The number of samples tested for each species was also limited by resources available and availability of fish during the sampling period. In order to better reflect and characterize the status of these metals, periodic determination of metal contents in fish is required. More samples for each species will better reflect the metal levels. Secondly, only three metals were considered in this study; other metals that are toxic to humans may increase the overall potential health risk Health risk analysis models were applied to evaluate the potential health risks of three toxic metals (Hg, Pb, and Cd) in 29 commercial fish species from markets in Monrovia, Liberia. The results showed that the tested metals posed no health risk for local residents. Although there are some limitations in this study, the result could provide useful reference for future health risk assessments. 
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